Objective: To assess the long-term impact of undernutrition during specific periods of fetal life, upon central adiposity, control of feeding behaviour and locomotor activity. Design: Pregnant rats were fed a control or low-protein (LP) diet, targeted to early (LPE), mid (LPM) or late (LPL) pregnancy or throughout gestation (LPA). The offspring were studied at 9 and 18 months of age. Measurements: Adiposity was assessed by measuring weight of abdominal fat depots relative to body weight. Locomotor activity was assessed using an infrared sensor array system in both light and dark conditions. Hypothalamic expression of mRNA for galanin and the galanin 2 receptor (Gal2R) was determined using real-time PCR. Results: At 9 months, male rats exposed to LP in utero had less fat in the gonadal depot, but were of similar body weight to controls. By 18 months, the males of groups LPA and LPM had more abdominal and less subcutaneous fat. Females deposited more fat centrally than males between 9 and 18 months of age, and this was more marked in groups LPA and LPL. Food intake was greater in LPM males. Among females hypophagia was noted in groups LPA and LPL. Expression of galanin and Gal2R were unaffected by maternal diet. Total locomotor activity was reduced in LPE males and all LP females in the light but not in the dark. Conclusion: Locomotor activity and feeding behaviour in aged rats are subject to prenatal programming influences. Fetal undernutrition does not programme obesity in rats without postnatal dietary challenge.
Introduction
Undernutrition in pregnancy has been identified as an important risk factor in a number of disease states. 1, 2 Epidemiological evidence indicates that growth retardation in the fetal period, followed by catch-up growth in childhood is associated with cardiovascular disease, 3 type 2 diabetes 4 and obesity. 5 Exploration of this 'programming' of metabolic disease through epidemiological designs is dogged with problems and recently the developmental origins of health and disease hypothesis has been criticized for a lack of consistency and other issues relating to the evidence from human populations. 6 Studies of animals provide crucial evidence of biological plausibility in this area. A large number of studies in rats, mice, guinea pigs and sheep have clearly shown that exposure to relatively short periods of undernutrition or endocrine disturbance in fetal life can programme raised blood pressure, glucose intolerance and insulin resistance. [7] [8] [9] The range of nutritional exposures capable of eliciting programmed responses in the developing offspring is broad, including micronutrient deficiency, [10] [11] [12] excess of saturated fat 13 and restriction of food intake (global nutrient restriction). 14, 15 In the present paper, we report findings from a model of low protein feeding in rat pregnancy. 16 This intervention is known to promote hypertension 17 and renal dysfunction 18 in the offspring and has also been shown to shorten lifespan, 19 disturb glucose metabolism 20 and increase susceptibility to oxidative injury. 21 Obesity and associated factors represents one area where the literature from animal studies of programming is equivocal. Studies of offspring fed low protein (LP) diets indicate that they may develop increased central fat deposits in early adulthood, 22 but that this effect largely depends on the feeding of a high fat diet. 23, 24 We have most recently shown that when offered a choice of food sources, female offspring of rats fed LP diets throughout pregnancy exhibit an increased preference for a high fat diet. 25 In general, the feeding behaviour of young adult rats is altered by exposure to prenatal LP diets, with hypophagia noted when a low fat diet is provided, contrasting with hyperphagia when allowed to self-select macronutrients. 25 In contrast, Vickers et al. 14 have reported that the restriction of maternal food intake to pregnant rats to just 30% of ad libitum produces marked hyperphagia and clear increases in adiposity in their offspring. When provided with a high fat diet, such animals develop obesity. One feature of these obese animals is a decrease in locomotor activity, 26 which has led to the suggestion that fetal undernutrition programmes a 'couch-potato' syndrome of high food intake and low energy expenditure through physical activity. 27 In contrast, studies of mice exposed to LP diets in utero show no evidence of an increased propensity to become obese when fed a high fat diet. 28 The aim of the present paper was to consider the impact of prenatal protein restriction upon the deposition of fat, appetite and locomotor activity of ageing rats. Most previous studies of nutritional programming have tended to focus on young adult animals, so consideration of longer term effects is an important aspect of this work. Our earlier work had identified differences in feeding behaviour and in particular a preference for high fat foods in rats exposed to undernutrition in utero. 25 In the light of this, we hypothesized that low protein exposure would promote obesity through increased food intake and reduced locomotor activity, with long-term effects on expression of the neuropeptide galanin and its receptor in hypothalamus, as these are important regulators of fat feeding behaviour.
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Materials and methods
Chemicals and reagents
Unless indicated otherwise in the text, all chemicals were of reagent or molecular biology grade and were purchased from Sigma-Aldrich (Poole, UK).
Animals
The experiments in this paper were performed in accordance with the Animals (Scientific Procedures) Act 1986 and were licensed by the Home Office. Animals were held under temperature-controlled conditions on a 12 h light:dark cycle. The animals had ad libitum access to food and water at all times. Fifty seven virgin female Wistar rats (Harlan Ltd, Belton, UK) were mated at weights between 250 and 300 g. Upon confirmation of mating by the appearance of a semen plug on the cage floor, the rats were allocated to be fed either a control diet (18% casein) or a LP diet (9% casein, LP diet), as described previously. 17 The full composition of the diets is published elsewhere. 17 The diets were isocaloric, the difference in energy between the control and MLP diets being made up with additional carbohydrate in a ratio of 2:1 starch:sucrose (w/w). LP feeding was targeted at single weeks in gestation days 0-7 (LPE), days 8-14 (LPM) and days 15-22 (LPL) and also fed throughout gestation (days 0-22, LPA). Eight dams (one control, one LPA, three LPE and three LPM) failed to deliver at the end of gestation and the final numbers of litters were Control n ¼ 10, LPA n ¼ 11, LPE n ¼ 10, LPM n ¼ 8 and LPL n ¼ 10. The early period (days 0-7) corresponds to the embryonic phase of development in the rat and in fact embryos only implant at around day 4.5. 7 The mid-gestation period (days [8] [9] [10] [11] [12] [13] [14] largely corresponds to the period of organogenesis, while late gestation (days [15] [16] [17] [18] [19] [20] [21] [22] is the period of most rapid growth and differentiation of key structures. By feeding at these targeted periods, it is possible to identify when nutritional programming occurs and this can provide important indicators of potential mechanisms. At delivery of litters, all mothers were transferred to standard laboratory chow diet (B&K Universal rat and mouse diet, 20% protein, 3% fat) and the litters were culled to a maximum of eight pups to minimize variation in the nutrition of the pups during suckling. None of the dams gave birth to fewer than 10 pups. The offspring of the control and LP-fed dams thus differed only in terms of their prenatal nutritional exposures. At 4 weeks of age, the offspring were weaned onto chow diet and one male and one female from each litter were killed using a rising concentration of carbon dioxide for collection of tissues used in another study. Weight of the remaining animals was monitored up to 9 months of age when, again, one male and one female from each litter were culled. At this time point, the brain was rapidly excised and the hypothalamus dissected out. The hypothalamus was snap-frozen in liquid nitrogen prior to storage at À801C and later molecular analyses. Adiposity of the culled animals was assessed by measurement of the weight of fat depots at the perirenal and gonadal (epididymal or parametrial) sites. These fat depot weights are expressed in this paper in absolute terms and relative to body weight (% body weight). Remaining animals were housed for a further 9 months, and then a further male and female from each litter were culled for assessment of adiposity. At the 18-month autopsy, subcutaneous fat deposition was also assessed by measurement of fat depth using callipers at a standardized point on the carcass, 1 cm below the final rib.
Determination of hypothalamic mRNA expression Total RNA was isolated from snap-frozen hypothalamus samples using the TRIzol method (Invitrogen, UK). The RNA was treated with DNase (Promega, UK) and subjected to phenol-chloroform extraction and ethanol precipitation. Total RNA (0.5 mg) was reverse-transcribed using MMLV Reverse Transcriptase (Promega, UK). Real-time RT-polymerase chain reaction (PCR) was performed using an ABI prism 7700 sequence detection system (Applied Biosystems, UK). A template-specific primer pair and an oligonucleotide probe (Sigma-Genosys, UK) specific to each of galanin, galanin type Assessment of locomotor activity Locomotor activity was determined using a Linton AM1053 Activity Monitor, with AmLogger software (Linton Instruments, Diss, UK). This instrument is a three-dimensional array of infra-red beams that was placed around clear Perspex cages to monitor animal motion. Breakage of beams was automatically logged as mobility if more than one beam was broken the in x-y axis during 1 s (i.e. recorded walking motion), rearing if the motion was in the vertical plane, and activity if any beam was broken in the x-y plane but the motion was not classifiable as mobility. The instrument could therefore log the proportion of time in a given period that the rats spent on these three types of locomotor activity. The sum of rearing, mobility and activity measurements was used as a measure of overall locomotion; total locomotor activity (TLA). Activity was assessed on two separate occasions for each animal, once in the light phase and once in the dark phase. Light and dark measurements were made on different days for each animal. Preliminary data showed that over a 3-day period, there was little variation in the data obtained using such a protocol and that one reading by day and one by night would be representative for each rat. On each measurement session, the rat was transferred from its home cage to a clean Perspex cage within the AM1053 array. Activity over the first 30 min thereafter was monitored and used to determine the activity response to a novel situation, which may be indicative of stress or the emotional exploratory response. Activity was then monitored for a further hour, representing activity once the animal had adapted to the new cage situation. All data are shown as the active time in seconds for these two periods (novel and adapted).
Statistical analysis
All data are presented as mean7s.e.m. Where the quoted n in the tables and figures differs from the values of n provided for the number of successful pregnancies above, the discrepancy is explained by mortalities among the ageing colony between birth and the time of measurement. A total of 43 animals died between 11 and 78 weeks of age across all groups. All data were analysed using two-or three-way analysis of variance (ANOVA) as appropriate, followed by a least significance difference test as a post hoc test. As multiple pups from the same dam were included in the experimental groups, litter of origin was included as a covariate in all analyses. Probability o0.05 was accepted as statistically significant.
Results
At delivery of the offspring, litter size did not differ significantly between the groups, with mean number of pups ranging from 13 to 15 per litter (data not shown ). When the animals were weaned, male control animals were significantly heavier than all LP groups, with the exception of LPM (Figure 1a ). By 2 months of age, only the LPL males remained lighter than controls. All males thereafter attained a similar size, until 18 months when LPM animals appeared to start losing weight, such that they were significantly lighter than controls. Among females, no differences in body weight were apparent among any LP groups until 6 months. At this point, LPE females were significantly heavier than all other groups. They remained so Fetal programming of locomotor activity L Bellinger et al until 18 months of age when no significant differences in body weight were noted. LPA and LPL females appeared to gain weight at a faster rate than all other groups between 13 and 18 months (Figure 1b) .
At 9 months of age, males had considerably larger deposits of fat at the two abdominal sites than the female animals in absolute terms, but relative to body weight there were no differences between the sexes (Table 2) . Among males at this age, maternal diet had no significant effect upon the weights of either fat depot. However when expressed relative to body weight the males of the LPA, LPE and LPL groups all had significantly smaller gonadal fat depots (Po0.05) than control animals. At the same age, there were no significant differences in fat depot size (absolute or relative) between the females of the different groups.
Between 9 and 18 months, there appeared to be no major change in the size of the abdominal fat depots of male rats, when considered as a percentage of body weight. Perirenal fat depots were stable in size, whereas the gonadal depot appeared to slightly decrease in size relative to body weight in all groups except LPA and LPM (Table 2) . Interestingly, these two groups had significantly less subcutaneous fat than the control group (Po0.05). Among females at 18 months, there were significantly larger fat deposits in the perirenal and gonadal regions than those that were observed at 9 months. The three-way interaction indicated by the ANOVA (age Â sex Â maternal diet) showed that females in certain maternal dietary groups increased depot size to a greater extent with ageing (P ¼ 0.021). These apparent increases in central fat deposition were greatest in the LPA, LPE and LPL groups for perirenal fat and the LPL group for gonadal fat. Females had significantly less subcutaneous fat than males. Although subcutaneous fat depth followed the same trends as were seen in males, these were not significant.
Locomotor activity was determined at 13 months of age under both light and dark phase conditions. Figure 2 shows activity in the light phase. As shown in Figure 2a , in the novel condition, females were more active than males (Po0.05) in all forms except rearing (Mobility, males 17879, females 21079 seconds, Po0.05. Activity, males 427715, females 482715 seconds, Po0.05). Rearing was the only component of behaviour to be significantly influenced by maternal diet and although this effect was not influenced by sex, a lower frequency of rearing was seen only in females of the LPL group when comparing to control animals (Po0.05). Among males, rearing behaviour was similar in all of the groups. Once the animals were adapted to the test conditions, sex differences in behaviour were no longer apparent. In the novel state, females of the LPL group were seen to rear less than controls (Po0.05), whereas among males ( Figure 2b ) the LPE animals reared less. Overall, in the daylight period, males of the LPE group (Po0.05) and females from all LP groups (Po0.05) spent significantly less time in an active state than control animals.
In the night phase, locomotor activity in the novel condition was similar in all animals (Figure 3a ). Once the animals had adapted, it was apparent that mobility and rearing behaviours were similar in all groups of rats (Figure 3b) . However, the activity component (i.e. motion other than rearing or walking) was significantly influenced by maternal dietary factors. Among females, LPM rats tended to be more active by night, but this was significant only in comparison to LPE rats. Among males, LPL and LPM groups differed significantly, with LPM again being the more active group. Overall, in the night phase, LPA males tended to be more active than other groups although this was not statistically significant.
Food intake was assessed in the older animals in the study (Table 3) . At 18 months, there were significant differences in food intake that were sex specific. Among males, food intake was significantly higher in LPM animals compared to the Female animals. All data are shown as mean7s.e.m. There were 11-17 male animals per group up to 9 months, and 5-8 per group from 9 to 18 months. There were 13-18 female animals per group up to 9 months and 6-8 per group from 9 to 18 months. ANOVA showed that maternal diet influenced body weight in males and females (Po0.05). *Indicates significantly different to control (Po0.05). wIndicates significantly different to all other dietary groups (Po0.05).
Fetal programming of locomotor activity L Bellinger et al control and LPA groups. There was also a trend for LPL males to consume more food than controls, although this was not significant (P ¼ 0.08). In females, the control and LPM groups had the greatest food intake, with LPA and LPL having significantly lower intakes. The hypothalamic expression of galanin and gal2R mRNA were assessed in the animals culled at 39 weeks. As shown in Figure 4 , the expression of neither gene was altered by maternal dietary factors at this age.
Discussion
This study of ageing animals represents a novel development in the investigation of early life programming in animals. Most earlier work 2 has tended to focus on offspring of undernourished dams either in the period just after weaning, or in very early adulthood. Although some studies have assessed the impact of fetal undernutrition on longevity, 19, 30 there is little data relating to long-term body composition or behavioural indices. Addressing this issue was the main concern of the present trial. The main findings of the present study, within a more comprehensive assessment of physiological changes in the animals included in the trial, are that prenatal undernutrition appears to induce lifelong changes in feeding and locomotor behaviours but has only limited influence upon long-term patterns of fat deposition and obesity. In this respect, our original hypotheses are only weakly supported. There was no clear evidence of obesity, either defined as excess weight or excess body fat in any of the animals exposed to LP diets in utero. This is in direct contrast to the studies of Vickers et al. 14, 26 Although ageing brought out some subtle differences in the amount of fat relative to body weight and the distribution of fat between subcutaneous and abdominal sites, the data favour the view that undernutrition in fetal life does not programme obesity, consistent with the findings in mice. 28 However, as shown by other studies, this is a situation that may change if the animals were challenged with a high fat diet in postnatal life. 23, 24 In humans, the data relating to programming of obesity is also somewhat inconclusive. Studies of young adult men and middle-aged women exposed to intrauterine famine during the Dutch Hunger Winter of 1944 indicate that obesity may be in part determined through nutritional programming in early to mid-gestation. 31 , 32 Law et al 33 noted that waist-hip ratio, an indicator of how body fat is distributed, was negatively related to weight at birth suggesting that abdominal fatness is programmed before birth. The Nurses Health Study indicated a U-shaped relationship between birth weight and later body weight, with higher body mass index observed in women in the lowest and highest birth weight groupings. 34 In contrast, however, a study of Israeli Fat depot weights are shown as mean7s.e.m. for absolute weight (g) or weight relative to body weight (%). N are as in Figure 1 .
b Indicates significantly different to control of same age and sex (Po0.05).
Fetal programming of locomotor activity L Bellinger et al conscripts found that there was no significant association of birth weight with body mass index at age 17 years, apart from a 4.5-fold increase in odds ratio for severe overweight among individuals who weighed in excess of 5 kg at birth. 35 Studies from Guatemala suggest that stunting of growth through undernutrition in infancy may carry a greater risk for fat deposition than fetal undernutrition. 36 In the present work, we found that in males LPA and LPM groups exhibited a shift of fat deposition away from the subcutaneous region towards the abdomen. In females, over the period from 9 to 18 months there were also changes in fat deposition favouring abdominal stores in LPA and LPL groups. The reason for this change with ageing cannot be explained at this stage. Interestingly, the only group of animals that showed any gross change in body weight relative to control animals in this study was the LPE female group. These rats were heavier through most of the study, Fetal programming of locomotor activity L Bellinger et al but showed no evidence of altered fat deposition at the sites assessed. Their increased weight must therefore be explained by changes in lean body mass. These data show that very early exposure to undernutrition in the embryonic period, possibly even preimplantation, can exert long-term effects upon body composition. The mechanism for this requires further investigation. The study uncovered major differences in food intake at 18 months of age. These effects were sex specific, with increase intake noted in some LP-exposed males, and reductions of intake in LPA and LPL females. This is in agreement with our earlier study in which LPA induced hypophagia in females but not males at approximately 3 months of age. 25 We have therefore demonstrated that programmed changes in appetite are likely to persist throughout adult life, which is an important and novel finding. It is unfortunate that food intake was not assessed at earlier points in the study as this would have more conclusively demonstrated that changes in appetite initiated very early in postnatal life are persistent and possibly lifelong. The trends in intake noted between the groups of rats exposed to LP at different stages of development suggest that the later period is the critical period for programming of feeding behaviour. This phase of fetal development corresponds to the maximal period of fetal growth and therefore the maximal proliferative period for the developing organs. For a tissue such as the hypothalamus, impaired nutrition at this time may alter the balance of neurones to glial cells, the density of neurones and the linkages they form, or the types of neurones that develop. 37 Our finding of effects or the LPL manipulation may not be surprising since Plagemann et al. 38 have demonstrated that the suckling period is also a time when variation in nutrient supply can programme long-term changes in hypothalamic development, feeding behaviour and adiposity. Such studies have suggested that nutritional manipulations in the period of maximal fetal growth alter patterns of cell proliferation and differentiation and effectively remodel organ structure. In the hypothalamus, for example, low protein feeding during gestation and lactation induced gross changes in the volume of the paraventricular nucleus and lateral hypothalamus and reduced the density of neurones staining for neuropeptide Y and other regulators of food intake. 37 In males, hyperphagia was noted in the aged LPM group. However, this was not associated with increased adiposity, and indeed at the time of measurement this group of rats was losing weight. This suggests that the increased food intake is failing to meet energy expenditure. Daenzer et al. 39 have
reported that resting energy expenditure is subject to intrauterine programming influences, but this issue has not yet been fully explored within our own protein restriction model. The finding of sex differences in programmed changes to appetite and locomotor activity is consistent with a number of other reports, indicating sexual dimorphism in the response to undernutrition in the fetal period. 15, 25, 30 The reasons for the differences between males and females cannot be explained at the present time, but may reflect the direct interaction of nutritional signals and sex hormones in the tissues of the developing fetus, or might be the product of secondary responses to the programming insult. For example, the consequences of structural changes to key centres in the brain, directly driven by nutrient restriction, may promote changes to the hormonal milieu in the postnatal period that differ between males and females. These changes may in turn promote adaptations that manifest as the end points we have observed.
The expression of galanin and the galanin 2 receptor (Gal2R) genes was determined in the whole hypothalamus from animals aged 9 months. These genes were targeted for several reasons. Firstly galanin is an important regulator of fat intake 29 and our finding of a fat preference in LPA animals in an earlier study indicated a possible role for this peptide. 25 The Gal2R has been suggested to mediate much of the effects of galanin-like peptide, a neuropeptide with similar properties to galanin. Actions of either peptide at this Fetal programming of locomotor activity L Bellinger et al site will promote feeding in the short-term, but produce anorexia in the longer term. 40 Expression of the gal2r gene had been shown to be suppressed in a preliminary DNA microarray study comparing the hypothalamus from LPE males to controls. 41 On this basis, it was considered inappropriate to examine expression of other peptides involved in appetite regulation. Moreover, galanin and galanin receptors are linked to reproductive functions in rats and may be regulated by female sex steroids, which would provide a ready explanation for gender-specific effects of LP exposure on feeding behaviour. 42 However, we found no evidence of changes in the expression of either galanin or gal2r. The expression of the housekeeping gene b-actin was also unchanged by the maternal dietary manipulation. Our hypothesis was therefore not supported by the data. The lack of effect may indicate that the galanin system is not subject to programming in this model. It is important to consider, however, that the observed lack of effect may be explained by the age of the animals (important gene expression changes could occur earlier in life and disappear with age) or because our experiment looked at total hypothalamic expression rather than expression in specific nuclei involved in appetite control, for example, the paraventricular nucleus.
There are a number of emerging reports that suggest aspects of locomotor behaviour are determined by factors operating in fetal life. 26, 43 The findings of the present study are to some extent consistent with these reports, but have clearly identified rearing behaviour as the component of locomotor activity that is most susceptible to programming. Rearing is a behaviour that, in rats, accompanies stressful situations, such as being in a novel environment. 44 Rearing is sometimes referred to as emotional behaviour. In this study, there was no evidence of any heightened responses to a novel environment, with the exception of LPL females which reared less in the novel condition. In the adapted state, reduced rearing was observed in some groups. Together these observations suggest that LP-exposed rats have a reduced emotional response to stress and engage in less exploratory behaviour. One of the main findings of earlier work with the LP feeding model was raised blood pressure. 17 Some authors have suggested that this is a product of a heightened stress response. 45 The present findings are not consistent with this assertion. Our findings show that there were programmed changes in TLA in all LP-exposed groups. LPE males and all LP-exposed females were less active than control animals. All changes tended to be specific to the light period and were absent at night when the rats were slightly more active. This may suggest that some hormonal signal with a circadian function may mediate the altered behaviour. We have previously shown a lack of circadian cycling of ACTH in LP-exposed animals, 46 so it may be possible that other POMC derivatives are produced in an anomalous manner. This and the clear differences between males and females of the different LP groups will require further investigation.
As described above, the existence of altered behaviour specifically in LPE males rather than males from other groups is of major interest as it indicates that the early embryo may be subject to programming changes that impact on brain development. In the context of adiposity however, the lower level of activity does not obviously impact upon weight gain or fat deposition. These animals must therefore have other mechanisms to expend energy. Among females exposed to LP at varying stages of development, TLA levels were lower than in controls. This may relate to the faster rates of central fat deposition in some of these groups, which is particularly noteworthy given the lower food intakes noted in LPA and LPL groups.
Changes in behaviour that were observed in this study may be explained by remodelling of key regions of the brain, in the same way as described above in the context of appetite. Changes in gross brain architecture, neuronal linkages or the expression of neurotransmitters, neuropeptides or their receptors could all explain why we observed altered rearing behaviour. One example that may merit further investigation is the histamine H1 receptor (H1h). We have previously noted that the expression of this gene is hugely suppressed in males exposed to LP diet in the early period. 41 H1h knockout mice show reduced rearing behaviour in novel environments 47 and this receptor has also been implicated in regulation of feeding behaviour. 48 Our findings are in contrast to the reports of Breier et al who have reported profound obesity, hyperphagia and increased sedentary behaviour in the offspring of rats subject to global undernutrition in pregnancy. 27 The differences in our findings may simply be explained by the dietary intervention in pregnancy. The Breier model was originally developed to consider the impact of fetal growth retardation on the later health of the offspring, and the 70% restriction of food intake achieves this goal, producing newborn pups that are considerably smaller than controls. 49 Our own intervention is less severe, even when low protein feeding is continued throughout gestation and does not produce growth-retarded offspring. The goal of our studies is to consider the impact of undernutrition within the normal range of intakes upon long-term health as this is more relevant to human diet health. Although the effects noted in this paper are less pronounced than observed with a severe restriction maternal food intake, the general observations show some similarities, suggesting that common mechanisms may be in operation. For example, remodelling of the hypothalamus or other brain regions may occur in both forms of maternal nutrient restriction, but the global food restriction may have more of a pathological effect.
The most important finding of this study is the demonstration that even brief periods of undernutrition at the earliest stages of embryonic development can have truly lifelong effects upon food intake and locomotor activity. The possibility that feeding and other behaviours may be programmed in utero may be of considerable importance in the obesity field. We suggest that remodelling of the Fetal programming of locomotor activity L Bellinger et al hypothalamus either through nutrient restriction, or through altered hormonal signalling in fetal life may be an important mechanism underlying these effects. We have for the first time reported on appetite, activity and adiposity in aged rats exposed to undernutrition in utero. Our principle hypothesis was that undernutrition during different phases of fetal life would promote obesity in the resultant offspring.
Although there was some evidence of altered patterns of fat distribution, we found no evidence that LP diets in utero can programme obesity. We therefore reject this hypothesis, although we cannot exclude the possibility that the prenatal insult would promote obesity when coupled with a suitable postnatal challenge, such as a hypercaloric diet. The lower levels of locomotor activity observed in the LP-exposed rats may only provide sufficient disturbance of energy balance to promote obesity when coupled to increased energy intake.
